Introduction Methods
Many hypotheses have been advanced concerning the mechanism by which adrenergic neurone blocking drugs prevent the release of noradrenaline (Boura & Green, 1965; Brodie, Chang & Costa, 1965; Burn & Welsh, 1967; Abbs & Dodd, 1974; Kubo & Misu, 1974; Giachetti & Hollenbeck, 1976) . Kubo & Misu (1974) demonstrated that guanethidine-induced blockade of adrenergic transmission in rabbit hearts is attenuated when nerves are stimulated during perfusion with a low sodium solution and accentuated during perfusion with a high sodium solution. They proposed that the drug increases the permeability of adrenergic nerve endings to sodium ions, thereby leading to blockade. In the present work, we investigated the effects of guanethidine on membrane function of rabbit atria, keeping in mind the antiarrhythmic properties of the drug (Leveque, 1964; Wellens & Wauters, 1972 Anton & Sayre, 1962) in atria and ventricles (2.77 + 0.15 and 2.03 + 0.24 pg/g tissue respectively, n = 3) to a negligible amount (0.04 + 0.01 and 0.03 + 0.01 pg/g tissue, n = 3). Guanethidine (4 x 10-4M) produced a prolonged positive chronotropic response in spontaneously beating atria and the peak increase was 28.7 + 11.2% (n = 6) 30 min after addition. This response was negligible after reserpinization. 
Results

Effects of guanethidine on transmembrane potentials
In each preparation, approximately 10 potentials were recorded as control, drugs were then added to the bath and potentials were recorded usually for 2 h (Table 1 ). The dose of 2 x 10-'M guanethidine is within the upper limit of the usual concentrations required to produce adrenergic neurone blockade (Misu, Nishio, Hosotani & Hamano, 1976) . Guanethidine slightly increased Vm., in the whole time course up to 2 hours. V,.. is a manifestation of early inward Na+ current and is dominantly affected by resting potentials (Hodgkin & Huxley, 1952; Weidmann, 1955) . However, guanethidine did not produce a hyperpolarization. The height of action potentials was slightly increased or not modified. The total duration of action potentials was shortened 30 min after the addition.
Guanethidine 4 x 10' M produced biphasic effects on the action potential (Figure 1 ). V.,, increased with- this time one third of the preparations failed to respond to stimuli at 3 times threshold voltage. These effects of guanethidine were not reversible over a 3 h period even after repeated washing. Consistent increases in threshold voltage for firing of action potentials were not observed until 60 min after the application of guanethidine (Figure 2) . manner to that described for the lower drug concentration (see Figure 1 ).
Effects ofpretreatment with a low dose of tetrodotoxin on guanethidine-induced changes in transmembrane potentials
The maximum dose of TTX, which per se did not modify either the resting membrane or action potentials, was 1.6 x 10-7M. In the presence of TTX, guanethidine reduced V.., at 0 to 30min without modifying the resting potential. A similar tendency was also observed in changes in the height of action potential. There was no prolongation of total duration before depolarization, such as was induced by guanethidine alone after 15 to 30 min contact time.
TTX accelerated the subsequent decreases in V.,, and action potential height induced by guanethidine alone (Figure 1 ). Conduction block occurred in 3 out of 5 atria at 3 times threshold voltage. There were no consistent changes in action potential duration.
Effects of subsequent addition of higher doses of tetrodotoxin on guanethidine-induced depolarization
In doses higher than 1.6 x 10-7M, TTX itself markedly decreased V,.., and the action potential duration and slightly decreased the height of the action potential. These results are consistent with the fact that TTX predominantly inhibits the early inward sodium current and has no effect on potassium conductance during spike activation (Kao, 1966) . Resting potentials were not significantly modified. After the application of TTX 6.2 x 10-6 M, the changes in resting membrane potential and in V.ax were + 1.4%
(n = 47) and -59% respectively after 30 min and + 2.7% (n = 13) and -81.4% after 30 to 60 min as compared with control levels which were 78.0 + 1.2 mV and 164.5 + 7.0 V/s (n = 54). The slight degree of hyperpolarization induced by this relatively high concentration of TTX is consistent with the idea that this toxin reduces resting sodium permeability (Freeman, 1969; Narahashi Deguchi & Albuquerque, 1971; Hogan & Albuquerque, 1971) . As shown in Figure 3 , 1TX 3.1 x 106 M delayed the onset and extent of depolarization induced by guanethidine. TTX 6.2 x 10-6M added 15min after guanethidine application almost completely prevented guanethidine-induced depolarization. In these atria, guanethidine alone in the initial phase at 0 to 30min replicated increases in V.max without hyperpolarization. (%O) (4) 100 (37.6 ± 0.5-) (4) 100 (52.2 ± 0.6*) (5) 54.4 ± 1.9--(6) 56.5 ± 0.8** (4) 101.1 ± 5.1 (4) 100.9 ± 4.8 (4) 93.8 ± 3.6 (6) 96. which is released from the sympathetic nerve endings after the application of high doses of guanethidine (Boura & Green, 1965; , increases in canine Purkinje fibres the upstroke velocity of the action potential (Hoffman & Singer, 1967) . 9-o vL However, all of the rabbits used in our experiments t were reserpine-treated and this treatment almost completely depleted cardiac noradrenaline stores and abolished the sympathomimetic action of guanethidine. Furthermore, in atria taken from rabbits given a higher dose of reserpine (3 mg/kg), guanethidine inhibited the decrease in V,,,, and action potential 60-90 90-120 height induced by exposure to sodium-deficient media n) after guanethidine (Misu & Nishio, 1973) . cate that guanethidine promotes a rapid increase in es show s.e. means. Each the sodium permeability during spike activation and olute value (a) and the prevents a rapid decline to the resting value. On the Dntration of 3.1 X 10-6 M other hand, guanethidine (2 x 10 5M) shortened the downward arrows) and * *' 10-6 M 15 min after repolanrzation phase, which may be a maifestation ication of guanethidine of an increase in potassium permeability.
; P < 0.01, compared From 30mm after exposure to guanethidine anethidine alone.
(4 x 10-M), a slight and gradually developing depolarization occurred and this persisted after washing. It was delayed or prevented at highest concentrations of TTX. This indicates that the factor responsible for of TTX, V,,,, and action the depolarization of the atrial membrane is an inecreased and conduction crease in resting sodium permeability rather than a supramaximal voltage in decrease in potassium permeability. It has been rs to be caused by synerdemonstrated that, in canine Purkinje fibres, low ry actions of TTX and doses of batrachotoxin produce a marked and relatively acute depolarization and that this action is delayed or prevented by similarly high concentrations inethidine on Na+, K+-of TTX (Hogan & Albuquerque, 1971) . A similar lependent phosphatase acphenomenon has been observed in squid giant axons (Narahashi et al., 1971) . Compared with batrachotoxin, the grade of depolarization induced by inhibited ATPase and guanethidine was probably too small to exclude inmples prepared from unvolvement of an increase in chloride permeability or !). However, guanethidine in leakage permeability in the mechanism. ct on these enzymes after In certain concentrations guanethidine initially deion. creased V,,,,, and action potential height. The guanethidine molecule is apparently too large to pass through sodium channels in an ionized form, as suggested by Hille's experiments (1971) (Schanker & Morrison, 1965; Brodie et al., 1965) . Membrane depolarization after transient excitation in adrenergic nerve endings seems to be mainly responsible for the blockade, because the adrenergic neurone blocking action in rabbit hearts depends upon the external sodium concentrations (Kubo & Misu, 1974) . On the other hand, the direct inhibition of the action potential could be an additional factor. If a TTX-like action were a dominant factor, the grade of the blockade should be reversely related to external sodium concentrations. Results obtained with lower doses of guanethidine in the atrial membrane are consistent with the hypothesis that the drug increases the permeability of adrenergic nerve endings to sodium ions, thereby leading to blockade (Kubo & Misu, 1974) . Doses of guanethidine required to render the atrial membrane inexcitable are probably too high to be involved in the mechanism of the antiarrhythmic action. The adrenergic neurone blocking action may be a specific and major factor for the antiarrhythmic properties (Szekeres & Papp, 1968; Roberts, Kelliher & Lathers, 1976) .
In conclusion, guanethidine probably increases resting sodium permeability after the promotion of increases in sodium permeability during spike activation in rabbit atria. High doses of the drug decrease sodium permeability during activation.
